Fluorescence in situ hybridization signals on human metaphase chromosomes are detected by a near-field scanning optical microscope. This makes it possible to localize and identify several fluorescently labeled genomic DNA fragments on a single chromosome with a resolution superior to traditional fluorescence microscopy. Several nucleic acid probes have been used. The hybridization signals are well resolved in the near-field fluorescence images, and the exact location of the probes can be correlated to the topography as it is afforded by the shear-force feedback.
Introduction
Fluorescence in situ hybridization (FISH), a cytochemical technique with important applications in (cancer) cytogenetics, cell biology, virology and oncology, allows the localization of genomic DNA fragments in morphologically preserved inter-and metaphase chromosomes. Hereto a nucleic acid probe is hybridized in situ with its complementary sequence in the chromosome. Detection of the DNA probes is done by labeling with fluorescent dyes in combination with high-resolution fluorescence microscopy [1] [2] [3] .
One of the main items of new developments on in situ hybridization is resolution. Detection with con-* Corresponding author. ventional fluorescence microscopy limits the physical resolution to about 0.3 /zm because of diffraction effects. Obviously DNA resolution, i.e. the distance in basepairs (bp), is determined by the degree of condensation of DNA in the object under study. For condensed DNA in metaphase chromosomes Lichter et al. [4] have reported a 3 Mb (mega-basepairs) resolution, while on less condensed chromatin in interphase nuclei the DNA resolution can be as good as 50 kb (kilo-basepairs) [5] .
Both chemical and physical approaches are to be followed to improve resolution of in situ hybridization even further. Nuclear extraction techniques, for instance, result in highly extended naked DNA loops arranged around the nuclear matrix in a halo-like structure [6] , making a DNA resolution of 1 kb feasible with fluorescence microscopy. An important disadvantage of halo preparations, as well as interphase nuclei, is that the chromatin is decondensed 0304-3991/96/$15.00 © 1996 Elsevier Science B.V. All rights reserved SSDI 0304-3991(95)00130-1 into a high degree such that only a very small part of the total DNA is investigated. Furthermore, the relation to the physical structure and function of the chromosome is lost.
The use of high resolution microscopic techniques for the detection of in situ hybridization signals is the physical approach. Gold-labeled probes can be detected by electron microscopy with a fantastic lateral resolution of about 10 nm [7] [8] [9] [10] , and another candidate is atomic force microscopy (AFM): Putman et al. [11] have used an AFM to demonstrate that morphological labels, such as precipitated diaminebenzidine (DAB) [12] , can be visualized as pronounced bulges on top of the chromosome structure. Apart from difficulties with chromosome preparation, an important disadvantage of these techniques is the lack of multiplicity: one is not able to recognize different DNA probes on a single chromosome, in contrast to the detection of multiple colour FISH signals with fluorescence microscopy.
The use of Near-field Scanning Optical Microscopy (NSOM) promises good prospects for the detection of multiple-colour FISH signals, since NSOM links the high resolution of scanning probe techniques to the possibilities of optical microscopy. In this paper the detection of FISH signals on human metaphase chromosomes using near-field scanning optical microscopy will be demonstrated.
Materials and methods
Routine procedures [13] were followed to produce metaphase spreads from a primary peripheral blood lymphocyte culture of a healthy male donor on microscope cover slips. Two recombinant DNA's for chromosome 1 were used: pl-79 for the telomeric region of the short arm (lp36) [14] , and the plasmid probe c~-spectrin [15] , that hybridizes at lq21.3. Biotin or digoxygenin labeling, in situ hybridization [16] , and immunological detection [17] with CY-3, an orange-red fluorescent dye, were performed according to standard procedures. Only the final step in the process, embedding of the sample in antifading liquid and counterstaining with DAPI, has been omitted. The samples are dried in air to facilitate NSOM measurements.
The near-field scanning optical microscope, including shear-force feedback regulation [18, 19] , that is used for the detection of FISH signals is mounted on top of a Zeiss Axiovert 135 TV inverted microscope [20] . This makes it possible to preselect interesting chromosomes with the high-quality conventional fluorescence microscope. The sample is locally illuminated through a small aperture at the tapered end of an adiabatically tapered optical fiber, prepared according to standard procedures [21] . About 100 pW of green light (521 nm) is emitted by the aperture. While scanning with a home-built XYZ scanner, the fluorescence is collected by a 40 X, 0.75 NA objective and detected by a photon counting avalanche photo-diode (EG & G SPCM200). Ar ÷ Kr + laser light is blocked by a KV550 (Schott) optical filter, and a BG39 (Schott) filter suppresses infrared light of the shear-force laser diode.
Results and discussion

Conclusion
In this paper we have demonstrated the detection of fluorescence in situ hybridization on human metaphase chromosomes with a near-field scanning optical microscope. FISH signals are localized on the chromosomes with an optical resolution considerably better than possible with conventional optics. Simultaneously with the fluorescence micrographs, topographic images are obtained, which makes it possible to relate the location of the DNA probes to the real chromosome structure.
In Fig. la 7 × 7 /xm 2 scan of human metaphase chromosomes is shown. In the shear-force image Fig. la , which is slightly filtered, several chromosomes with a typical height of 100-200 nm are visible. Among them is chromosome 1, which is recognized by the bulge in the centromeric region. On this particular sample chromosome 1 is hybridized with pl-79, which is immunologically detected by the dye CY-3 (Aex c = 521 nm, Aem = 550-600 nm), as well as with the near centromeric DNA probe pUC1.77 [22] , detected by the PO/DAB reaction [12] . This reaction product shows morphological features which enables easy localization of chromosome 1 with absorption microscopy or with force microscopy [11] . In the corresponding near-field fluorescence image, Fig. lb , the DNA probe pl-79 is clearly recognized by bright signals in the telomeric region of chromosome 1. The probes show considerable substructure which is much better resolved than possible with standard far-field optical techniques. Apart from these signals some auto-fluorescence of the chromosomes is visible.
The ability to detect single copy genes with a NSOM is demonstrated in Figs. 2 and 3, showing two examples of a chromosome 1 co-hybridized with pl-79 and c~-spectrin, both visualized by CY-3. The shear-force images, Fig, 2a and 3a , reveal the chromosome structure, while the DNA probes are visible in the near-field fluorescent images, Fig. 2b and 3b . The telomer probe pl-79, detected at the end of the short chromosome arm, again shows some sub-structure. The single copy gene ce-spectrin is usually found at the external sides of the chromatids, as in Fig. 2b , but is in some cases also detected at the internal side, as in Fig. 3b .
